oli require exogenous carbon for germination, and that endogenous respiration contributes to but is quantitatively insufficient for the germination process. Only certain sugars can support germination; in the present paper we have first examined the respiratory responses of spores to utilizable and nonutilizable sugars, and determined the major features of the oxidative assimilation of glucose.
There is some evidence from work with bacteria that growing cells respire glucose by a different balance of pathways than do resting cells, in particular that respiration during growth involves a larger participation of some pathway preferentially liberating carbon atonm 1 of glucose than does the respiration of nongrowing cells ( 1, 2, 31 ) . Chlamydospores of Tilletia caries clearly differ in their pattern of oxidation of labeled sugars from mycelium (29) . As an approach to this problem as it relates to spore germination, we have compared the metabolism of ungerminated spores with that of germinated spores, and the responses of ungerminated spores to exogenous amiinonium nitrogen. The purpose is not to establish a particular and specifiable numerical balance of pathways, but rather to use the observed changes in respiratory pattern, if any, as a first indication of the events which are characteristic of or crucial to spore germination and growth. A spore of this type appears to be a useful system for the analysis of mietabolic differences between growing and resting cells, since growth requires specific exogenous nutrients and is marked morphologically by swelling of the spore and germ tube formation.
Macroconidia of F. solani f. phaseoli require oxygen for germination; at the same time there is good evidence in other Fusarium spp. for an active anaerobic respiration of sugars by resting mycelial cells (10, 16, 17. 19, 33) . Examination of fermentative capacity in macroconidia of F. solani f. phaseoli shows that the ungerminated spore is unable to consume glucose anaerobically; a weak fermentative capacity is acquired during germination.
Materials and Methods
The strain of Futsariiumii solani f. phaseoli was obtained from Dr. XV. C. Snyder; it is pathogenic to bean, and under our cultural conditions produces only macrospores. Spores were harvested from a glucose-aspartic acid-yeast extract medium (9) , and washed twice by centrifugation and once by filtration. Spores were germinated in a stirred and aerated jar for 12 hours at 250; the complete system contained: spores 2 g per liter (wet weight), Difco yeast extract 0.5 g per liter, potassium phosphate buffer (pH 6.5) 0.012 i\r, (NH4)9S04 0.002 M, and AMgCl9 0.002 .i.
Lipid was determined by 24-hour extraction with petroleum ether (Skelly Solve B) in a Soxhlet apparatus. Carbohydrate was estimated by the anthrone method (28) , mannitol by a periodate method (38) . Respiration was measured at 300 by conventional methods (36) ; endogenous values are subtracted from all readings for substrate oxidation. Unless otherwise stated, \Varburg flasks contained potassium phosphate buffer (pH 6.5) 20 umoles, MgCl., 10 AL moles, spores and substrate as indicated, alkali in a center well, and a total fluid volume of 3.2 ml. Spore dry weight was determined from an aliquot of the suspension used.
The sequential formation of C1402 from labeled substrate was determined in an apparatus consisting of two 125 ml Erlenneyer flasks fitted with standard taper joints (24/40) The uniformity of the extent of glucose oxidation is another argument for the absence of an effect of glucose on endogenous respiration, already suggested by other data (12) . The oxygen uptakes from which yield data in figure 1 were calculated were first corrected by subtracting endogenous values, determined in control flasks lacking substrate. If substrate suppressed endogenous respiration by some fraction, the corrected oxygen uptake with glucose would be affected differently at different spore densities and the yield would not be, as it is, invariant with density.
These data refer to germinated spores; ungerminated spores respond similarly over the range tested, 3.4 to 13.5 mg (dry wt) per 3 ml, although the lower Qo., of ungerminated spores results in rather less uniform data.
It was somewhat surprising to observe, as shown in figure 1 , that the Qo., with glucose (corrected for endogenous respiration) is inversely proportional to spore density, although the endogenous Qo., is essentially invariant with density. This was true at any time period measured within the total time of the experiment, and was as true of ungerminated spores as of germinated.
These data suggested that glucose respiration may be more sensitive to oxygen tension (and hence to spore density) than is endogenous respiration. This possibility is rendered unlikely by the data of table II. Some effect of increased oxygen can be seen, but it is not consistent and not of the magnitudle necessary to explain the density effect shown in figure 1.
Since alkali was present in all flasks and the system was buffered at pH 6.5, it is unlikely that CO, accumulation is responsible for the density effect.
When the spore: glucose ratio is varied by increasing the glucose provided at a fixed spore density, there is no effect, over the range 5 to 20 /Amoles glucose per 3 ml, on the Qo2; as shown earlier (12), there is a linear relation between total O., uptake (corrected) and glucose supplied but no rate responses can be detected.
For the present, the differential effect of spore density on endogenous and substrate respiration must remain unexplained. From the aspect of method, however, it is clear that comparative studies of the respiratory rate must, at least with this organism, be carried out at a fixed spore density. Products of Oxidative Assimtilation. The high level of oxidative assimilation, coupled w ith the earlier finding (9) that oxidative assimilation canl supply some of the carbon requirement for germiniation, suggested an analysis of the metabolic fate of assimilated glucose. In particular, it was of interest to determine whether carbohydrate is converted to lipid. We have shown earlier (12) TIME, HOURS TIME, HOURS  FIG. 3 (left) . The effect of germination on the cumulative radiochemical yield of CO2 from specifically labeled glucose. Ungerminated (U) and germinated (G) spores, 100 mg dry weight, incubated at 300 in medium containing glucose 150 Amoles, potassium phosphate buffer (pH 6.5) 60 ,umoles, and MgCl, 30 umoles, volume 10 ml. Glucose-3,4-C'4 provided at a total activity of 100 m,uc, other sugars (glucose-1, -2, -6-C"4) at 2.0 ,c. Curves numbered to ilndicate the sugar used; the arrow marks exhaustion of the glucose. (pink color) with the anthrone reagent. The anthrone peak of fractions 7 and 8 is presumably, in view of its elution with 5 % ethanol, a disaccharide; paper chromatography of these fractions showed a compound with the RF of sucrose in ethyl acetatepyridine-water, but the specific p-anisidine reagent developed no color. Hence it is not possible to specify the carbohydrate of these fractions. Nor has the material reacting as mannitol in fraction 1 been identified.
The most striking feature of oxidative assimilation is the contrast between it and the formation of reserves during growth. Spores as harvested from a glucose medium have a negligible mannitol and a high lipid content (12) , while assimilated glucose hardly enters the lipid fraction and is instead found in considerable part as mannitol (fig 2) . Mannitol is so easily washed from the spore that it would appear to be inadequate as a permanent storage product; in Fucus vesiczulosus it has been shown (4) that mannitol is a temporary depot only.
Oxidation of Specifically Labeled Glucose. A preliminary communication from this laboratory (11) noted that spore germination in F. solani f. phaseoli is accompanied by a decline in the ratio of labeled CO. from glucose-l-C'4 to that from glucose-6-C14. Work elsewhere, especially that of Cheldelin and coworkers (8) has shown since that if any conclusions can be drawn from CO, data a greater range of sugars must be tested. Katz and Wood (25) discuss the ambiguities of all CO, methods.
In figure 3 are presented the cumulative radiochemical yields of C1402 from specifically labeled glucose, defined as the ratio of total C14 in CO. to the total activity of the glucose utilized. In figure 3 ungerminated and germinated spores are compared; for both spore stages, CO2 formation from carbons 3 and 4 is more rapid than from other positions.
Germination is accompanied by increases in CO, output from all sugars studied, but the greatest proportional increase is from glucose-6-C'4. Output from this sugar is increased by a factor of 6, that from other sugars by factors of about 2.5.
It is of some theoretical importance whether this change in metabolism with germination represenlts some complex adaptive system developing slowly during germination or whether it can be more closely defined in terms of known metabolic reactions. Consequently the simpler system shown in figure 4 was tested; here are compared the respiration of glucose by ungerminated spores in the presence and absence of ammonium nitrogen. In general, the effect of exogenous nitrogen is similar to the effect of germination; in particular, although all sugars are respired more rapidly and more nearly completely, the relative effect is greatest with glucose-6-C'4. Glucose-2-C'4 was not included; in other experiments output from this sugar parallels that from glucose-i-C14 at a slightly lower level.
Since the ratio of C140, output from glucose-i-C14 to that from glucose-6-C14 is so often used as an approximate index of respiratory pathways, it is instructive to look at the time course of the CJ/C6 ratio, shown in figure 5 . These values are drawn from the experiment reported in figure 4 . Both with and without nitrogen the ratio declines steadily with time, and no one value can be considered characteristic. Nevertheless, the 2 curves shown are parallel, i.e., Both gernmination an(d the provisionl of nitrogen l)ring about a striking decrease in the assimiilationi of carbonis 3 and 4 of glucose into the cell; the conversion of these carbons to CO (fig 3-5) is reflected in the dlistribution of glucose carbons at the pvruvate level. Ungernminated spores were incubated under nitrogen-carbon dioxide (95: 5) in bicarbonate (36) ; no detectable acid was formed by 9.5 mg (dry wt) of spores acting for 3 hours on glucose.
The rate of anaerobic CO., formation from glucose was not affecte(d by ergosterol and Tween-80 at the concentrations used by Lindenmayer (26) .
The data of table VI were obtained in an effort to determine whether the capacity to ferment is gained before germination is complete and whether in fact it cannot be gained under conditions which accelerate metabolism without allowing germination. Spores were preincubated for 3 hours in contact with combinations of glucose, ethanol, and ammonium ion: these 3 compounds, in a buffered medium with magnesium, support normal germination (9 As shown indirectly in figure 3 and 4, ammonium ion accelerates glucose metabolism and in its presence the oxidation of glucose is more nearly complete than in its absence. Ethanol has a similar effect on aerobic glucose metabolism (unpublished data). Since the preincubation (table VI) (37) , Claviceps pirpiurea (27) , and mycelium of Tilletia caries (29) . They differ from a number of similar measurements made on fungus mycelium or spores in which the output of label from carbon-1 of glucose equals or exceeds that from carbons 3 and 4 (6, 18, 30, 37) . Surprisingly, our data are not at all like those of Heath et al. (19) , who found that resting cells of F. lini (F. oxysporum f. lini) convert carbon-1 of glucose to CO, more rapidly than carbons 3 and 4 are so converted.
The interest of the isotope distribution data lies It is unfortunate for logical anld experimental clarity that the reaction just cited. formi<ation of glutamate from a-ketoglutarate. can haive the opposite effect on the balance of pathwk-ays (22) . in that it provides TPN, often the limlitinlg factor in operation of the hexosemonophosphate patlhway (7, 21) . For our organism, there is no way of knowing whether or not TPN limits glucose oxidlation by this pathway; in F. oxysporumn f. lycopersici there are 2 glutamic (lehydrogenases, one using DPN and the other TPN (32); such a system could obviously interconlvert TPN and DPN so as to maintain the concentration of oxidized TPN above the critical level.
Respiratory sy-stems or particular components thereof often change during spore germination or from the spore to the mycelial state (3, 14, 20, 24, 41 Literature Cited
